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[57] ' ABSTRACT 

The hydraulic knee control for a prosthetic leg has a 
cylinder and piston assembly. In addition, within the 
cylinder is disposed a free ?oating plug so that the space 
between the free plug and the head end is ?lled with air 
or a compressible ?uid, and the spaces between the free 
plug and the crank end is filled with a liquid or hydrau 
lic ?uid. The piston is disposed within this liquid and 
has sealing means which prevents the liquid from by 
passing therearound. Disposed outside of the cylinder 
are two bypass passageways wherein one end of each 
passageway communicates with the cylinder in the 
region between the piston and crank end and the other 
end of each passageway communicates with the cylin 
der in the region between the piston and the ?oating 
plug. One of the passageways has a one-way adjustable 
valve which allows the liquid to move only from the 
head end to the crank end in a controlled manner, and 
the other passageway has a one-way adjustable valve 
which allows the liquid to move only from the crank 
end to the head end in a controlled manner. 

9 Claims, 6 Drawing Figures 
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PROSTHETIC LEG WITH A HYDRAULIC 
CONTROL 

FIELD OF THE INVENTION 

This invention relates to an arti?cial leg and, more 
particularly, to an improved means for controlling the 
knee action of the leg prosthetic adapted to be used by 
an above-the-knee amputee. 

BACKGROUND OF THE INVENTION 

Leg prosthetics are often costly and complex and the 
motions effected by many devices now in use are awk 
ward and do not vclosely approximate the natural walk 
ing movement. Many of the devices in use include vari 
able controls which are needed by only a small percent‘ 
age of amputees. In my prior US. Pat. No. 3,316,558 I 
have disclosed a hydraulic knee control which has a 
compressed air chamber for applying a predetermined 
pressure on the hydraulic ?uid. A piston with a con 
necting rod moves through the fluid and has an ori?ce 
for allowing ?uid to bypass therethrough. In addition, a 
?xed partition is placed within the ?uid with an ori?ce 
therein which allows ?uid to pass therethrough in re 
sponse to the piston movement to compress or de?ate 
the compressed air. Although this apparatus is an im 
provement over its prior art devices, the resistance to 
de?ection and knee extension in this device is substan 
tially the same. However, in real life, one knows that 
knee flexion and knee extension are not usually equal 
and opposite forces. 

OBJECTS OF THE INVENTION 

A primary object of this invention is to provide a 
hydraulic knee control for a leg prosthetic wherein the 
resistance of ?exion is not the same as the resistance to 
extension. 
Another object of this invention is to provide a light, 

durable, simple, and inexpensive hydraulic knee control 
for a leg prosthetic. 
Another object of this invention is to provide a hy 

draulic knee control for a leg prosthetic which will 
enable an amputee to move in a motion that more nearly 
approaches natural motion. 
Another object of this invention is to provide a hy 

draulic knee control for a leg prosthetic which may be 
used in conjunction with an independent articulated 
foot and ankle prosthetic device. 
These and other objects and features of advantage 

will become more apparent after studying the following 
description of the preferred embodiment of my inven 
tion, together with the appended drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view of my novel knee control 
installed in a typical leg prosthetic. 
FIG. 2 is an axial sectional view of my novel knee 

control device removed from the leg prosthetic. 
FIG. 3 is a transverse sectional view, taken on line 

3-—-3 of FIG. 2. A sectional view taken on line 3a—3a of 
FIG. 2 would be substantially the same. 
FIG. 4 is a sectional view taken on line 4—-4 of FIG. 

3 showing a portion of the knee control cylinder. 
FIG. 5 is a sectional view taken on line 5—5 of FIG. 

3, also showing a portion of the knee control cylinder. 
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FIG. 6 is a sectional view taken on line 6—6 of FIG. 

2 rotated 90 degrees to show the pin assembly mounting 
ears. 

DETAILED DESCRIPTION OF THE DRAWING 
Referring to FIG. 1, item 12 indicates a typical lower 

thigh portion of a leg prosthetic in which a typical 
lower leg or shank member 13 is hinged by a knee bolt 
14 so that the shank portion 13 and the thigh portion 12 
pivot relative to each other about bolt 14 in a standard 
manner. This pivot or knee action is controlled by my 
novel knee control assembly 15 which has a cylinder 16 
pin-connected to the shank portion 13 by a pin assembly 
17, and has a connective rod 18 pin-connected to the 
thigh portion 12 by a pin 19. 

Referring to FIG. 2, the assembly 15 is shown in 
detail and includes the cylinder 16 made of, preferably, 
thin wall aluminum extruded tubing. At the head end of 
the cylinder 16, a cylinder head 21 is permanently ?xed, 
for example, by a press-?t. The head 21 has an axially 
aligned threaded hole 22 into which is threaded a bolt 
23. Adjacent to bolt 23 is a moveable plug 24, having 
sealing means 25 between it and the wall of cylinder 16. 
Adjacent to the moveable plug is disposed a free ?oat 
ing plug 26 also having sealing means 25 therearound. 
The moveable plug 24 and the ?oating plug 26 are 
urged apart by a suitable compression spring 28, which 
is nested into a well 29 formed in plug 26 so that the 
spring 28 is assured of being axially aligned. In addition, 
plug 24 has a protrusion 31 for reasons that will become 
apparent hereinafter. The crank end of the cylinder has 
a sleeve 32 with sealing means 25, and is held in place by 
a split ring 33 nesting in a groove 34 formed in the 
internal wall of the cylinder 16. The sleeve 32 has a 
circumferential shoulder 35 and a circumferential bevel 
36 on its axial ends so that after the sleeve is inserted 
into the cylinder 16 and the split ring is inserted into 
groove 34, the sleeve is axially moved to the crank end 
by a method that will be explained hereinafter, the ring 
33 is locked into place. Then, an aperture cover plate 37 
is suitably bolted to sleeve 32 by screws 38. This action 
is what causes the split ring to be forced into its respec 
tive groove and be locked in place. One understands 
that, before the sleeve 32 is installed, a piston 41 and 
connecting rod 42 are ?rst installed in a standard man 
ner. The hole (not shown) in sleeve 32 is threaded over 
the rod 42. Suitable standard sealing means (also not 
shown) are provided between the sleeve 32 and rod 42. 
Sealing means 25 are provided around piston 41 and 
sleeve 32. All the sealing means 25 are preferably 0 
ring type seals suitably nested in appropriate grooves, as 
is standard in the art. The exposed end of rod 18 is 
threaded onto a suitable dog 51 having a hole 52 for 
receiving pin 19 (FIG. 1). A locking nut 53 is provided 
for obvious reasons. The head end contains a means for 
receiving pin assembly 17 (FIG. 1) which means is 
comprised of two ears 61 (FIG. 6), each having 
threaded holes into which are threaded each pin of 
assembly 17 which pins are preferably two axially 
aligned bolts threaded into the respective holes 62. 

Since the sealing means 25 is disposed around the 
piston 41, an external bypass appendage 81 is provided 
to allow the piston 41 to move axially, the appendage 81 
has two axially aligned wells 82 and 83, as shown in 
FIG. 3. Each of these wells communicate with the 
interior of the cylinder 16 by the aid of apertures 84 and 
85, respectively, at the crank end, and by apertures 86 
and 87, respectively, at the head end, substantially as 
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shown in FIGS. 4 and 5. At the head end are provided 
another pair of apertures 06' and 87’ axially spaced from 
36 and 87, respectively. The purpose of this structure 
will become apparent hereinafter. The open end of each 
well 82 and 83 has a threaded counterbore 91 and 92, 
and at the closed end there is provided a reduced diame 
ter portion into which apertures 86, 86’, 87, and 87’ 
communicate. Between the ends thereof there is pro 
vided a middle portion with a diameter of a size be 
tween the reduced diameter portion and the threaded 
countcrbore. Bypass well 32 controls the rate at which 
the leg extends itself and well 83 controls the rate at 
which the leg ?exes. This is accomplished as follows: 
Referring to FIG. ‘1, there is provided in well 82 an 
elongated sleeve or tube 101 wherein its outside diame 
ter is such that the sleeve 101 freely moves axially 
within the well 82 and still prevents fluid from passing 
between the sleeve and the wall of the well. Into the 
open end of well 82 is disposed a rod or stem 102 having 
a head 103 which threads into the counterbore 91. A 
suitable O-ring seal 104 is provided, as shown. The end 
of rod 102 extends down into the well 02 so that its end 
is past aperture M. Referring to FIG. 5, there is pro 
vided in well 03 a ?oating pin 111 wherein the outside 
diameter of the portion near the closed end of the well 
is larger than the diameter of the reduced portion of the 
well. Into the open end of well 83 is disposed a rod or 
stem 112 having a head 113 which threads into the 
counterbore 92. Rod 112 has an axial well 1111 opening 
at its inner end while rod 102 is made solid for reasons 
that will become apparent hereinafter. Into well 114- is 
disposed the reduced portion of pin 111 to keep pin 111 
in alignment. An O-ring seal 115 is provided around pin 
111, as shown. 

OPERATION OF THE KNEE CONTROL 

The inside of the cylinder 16 is filled with hydraulic 
oil after the plugs 24 and 26, and spring 28 are installed, 
as shown. Therefore, any air between the two plugs is 
trapped therebetween by sealing means 25. The piston 
41, rod 412, sleeve 32, split ring 33, and cover 38 are 
assembled, insuring that the oil is enclosed therein. The 
knee control is installed into the leg prosthetic, as 
shown in FIG. 1. When the knee ?exes or bends, piston 
4-1 moves down into the cylinder 16 while urging oil out 
of apertures 36, 06’, 07, and 07’. Referring to FIG. 4-, as 
the oil tends to flow into apertures 86 and 86’, sleeve 101 
is urged against pin 102, blocking any ?ow of oil. The 
oil can ?ow only through bypass well 83 and out of 
aperture 85 into the other side of piston 41. To control 

. the rate of flow, head 113 is screwed into or out of well 
83. Whenever the head 113 is screwed into the well, the 
rate decreases because the lower or larger end of pin 
111 is moved closer to the reduced diameter portion of 
the well. When the head 113 is screwed out of the well, 
then obviously the rate of ?ow increases. 
When the leg tends to extend, the piston 4-1 moves 

towards the crank end, urging oil out of the apertures 84' 
and 85. Referring to FIG. 5, when oil is moving from 
cylinder 16 into the well 03 through aperture 85, pin 111 
is urged against the shoulder formed by the reduced 
portion therein, thereby blocking oil flow therethrough. 
However, oil flows from cylinder 16 into well 82 
through aperture 01 because the sleeve 101 is urged 
away from pin 102. To control this rate of oil flow, head 
103 is screwed into or out of the well 02. Again, when 
the head 103 is screwed into the well, the rate of flow 
decreases because the inner end of pin 102 is moved 

20 

25 

35 

45 

50 

60 

65 

41 
closer to sleeve 101. When the head 103 is screwed out 
of the well, then obviously the rate of ?ow increases. 
The function of the compressible gas in between 

plugs 21 and 25 is to provide a static pressure on the 
hydraulic fluid so as to resiliently resist the inward 
movement of piston 11, and to assist its outward move 
ment; this resilient pressure helps to control the ?exing 
action of members 12 and 13. The function of the screw 
23 is to control the static pressure of the oil therein. This 
is done with the combination of the air chamber and the 
spring. The air, being compressible, allows for a large 
variation of pressures while a liquid, being incompressi 
ble, cannot. A resilient O-ring 120 is disposed ?oating 
between piston 41 and sleeve 32 to absorb any force 
between the two members when they come in contact. 
Apertures 06 and 07 are axially spaced from respective 
apertures 86' and 07’ so that, as hydraulic fluid is inher 
ently lost and screw 23 screwed inward to compensate 
for this loss of fluid, there is no loss of action when plug 
26 has to be moved past the apertures because if one 
aperture is blocked by the end of plug 26, the other 
aperture is free. 
Having described the preferred embodiment of my 

invention, one skilled in the art, after studying the de 
scription of the preferred embodiment, could devise 
other embodiments without departing from the spirit of 
my invention. Therefore, my invention is to be consid 
ered as limited only to the scope of the appended claims. 

I claim: 
1. A leg prosthetic comprising: 
an upper thigh member; 
a lower shank member; 
a knee joint pivotably connecting said members; and 
?rst means pivotably connected between said mem 

bers for control of said knee joint and comprising: 
a cylinder having a head end and a crank end, and 

pin-connected at said head end to one of said mem 
bers; 

a piston slidably disposed within said cylinder with 
sealing means therebetween; 

a connecting rod connected at one end to said piston 
and extending out of said crank end, and having the 
other end thereof pin-connected to the other one of 
said members; 

second means for slidably sealing said crank end 
around said rod; 

a ?rst one-way by-pass valve and a second one-way 
by-pass valve disposed exterior of said cylinder and 
each having an inlet port and an outlet port; 

said cylinder having a ?rst pair of radial ports and a 
second pair of radial ports, spaced axially from said 
first pair; 

said inlet port of said ?rst valve and said outlet port of 
said second valve, each communicating with a 
respective one of said ?rst pair of radial ports; 

said outlet port of said ?rst valve and said inlet port of 
said second valve each communicating with a re 
spective one of said second pair of radial ports; and 

hydraulic fluid disposed within said cylinder. 
2. The leg prosthetic of claim 1 wherein said first 

means further comprises: 
means within each one of said one-way valves for 

controlling the rate of flow of said ?uid there 
through as said piston slides axially within said 
cylinder. 

3. The leg prosthetic of claim 2 wherein a floating 
plug is slidably disposed within said cylinder between 
said piston and said head end; 
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sealing means are provided between said ?oating 
plug and said cylinder so that a compressible fluid 
is capable of being contained between said ?oating 
plug and said head end; 

third means is provided to control the pressure of said 5 
compressible ?uid. 

4. The leg prosthetic of claim 3 wherein said third 
means comprises: 

a moveable plug disposed within said cylinder and 
between said ?oating plug and said head end; 

sealing means for providing a seal between said 
moveable plug and said cylinder; 

an axially aligned screw threaded through said head 
end and making contact with said moveable plug so 15 
that as the screw is threaded into the cylinder said 
moveable plug moves axially away from said head 
end. 

5. The leg prosthetic of claim 4 wherein said third 
means further comprises: 20 

a compression spring disposed between said ?oating 
plug and said moveable plug; 

said ?oating plug has a well wherein said spring is 
disposed; 

said moveable plug has a protrusion for nesting 25 
within said spring and said well so that minimum 
volume can be obtained between said plugs. 

6. The leg prosthetic of claim 1 wherein said second 

a sleeve disposed within said cylinder and having said 
rod protruding therethrough; 

sealing means disposed between said sleeve and said 
rod; 

said cylinder having an internal circumferential 35 
groove disposed near its crank end; 

a split ring nested within said groove so that said 
sleeve is internal of said ring; 

an aperture cover covering the end of said crank end 
and having screws therein for engaging said sleeve; 40 

said sleeve having an external shoulder near its end 
adjacent to the crank end, and a bevel formed on 
the axial end thereof so that, as said screws in said 
cover are tightened, said bevel forces said ring into 
said groove and locks the ring in place, and said 45 
shoulder bears against said ring to prevent said 
sleeve from being pulled out of said cylinder and 
said cover prevents said sleeve from moving into 
said cylinder. 

7. The leg prosthetic of claim 1 wherein said oneway 
valve includes; 

an elongated body having a pair of wells formed 
therein and each opening at one end of said body; 

each of said wells having a bottom portion of a given 
small diameter, a middle portion of a given median 
diameter so that a shoulder is formed therebetween 
and an exposed portion having threads therein; 

a stem having a head portion with external threads 
for coacting with the threads in each of said wells 60 
and having a body portion with a diameter smaller 
than the diameter of said middle portion; 

one of said valves has an elongated tube slidably 
disposed within said middle portion in sealing rela 
tionship therewith, and disposed between said stem 65 
and said shoulder so that whenever pressure is 
applied at said outlet port, said tube bears against 
said stem to prevent ?uid flow, and whenever pres 

sure is applied at said inlet, said tube bears against 
said shoulder to allow ?uid to ?ow; 

the other of said valves has an elongated pin slidably 
disposed within said middle portion and has one 
end adjacent to said shoulder, which end has a 
diameter larger than said bottom portion and 
smaller than said middle portion so that when pres 
sure is applied at said outlet port, said pin bears 
against said shoulder to prevent ?uid ?ow, and 
whenever pressure is applied at said inlet port, said 
pin moves away from said shoulder to allow ?uid 
?ow; 

both of said stems being capable of being screwed 
down into said well to restrict ?uid ?ow. 

8. The leg prosthetic of claim 4, wherein: 
said second means comprises: 
a sleeve disposed within said cylinder and having said 

rod protruding therethrough; 
sealing means disposed between said sleeve and said 

rod; 
said cylinder having an internal circumferential 
groove disposed near its crank end; 

a split ring nested within said groove so that said 
sleeve is internal of said ring; 

an aperture cover covering the end of said crank end 
and having screws therein for engaging said sleeve; 

said sleeve having an external shoulder, near its end 
adjacent to the crank end, and a bevel formed on 
the axial end thereof so that, as said screws in said 
cover are tightened, said bevel forces said ring into 
said groove and locks the ring in place, and said 
shoulder bears against said ring to prevent said 
sleeve from being pulled out of said cylinder and 
said cover prevents said sleeve from moving into 
said cylinder. 

9. The leg prosthetic of claim 8, wherein: 
each of said one-way valves includes: 
an elongated body having a pair of wells formed 

therein and each opening at one end of said body; 
each of said wells having a bottom portion of a given 

small diameter, a middle portion of a given median 
diameter so that a shoulder is formed therebetween 
and an exposed portion having threads therein; 

a stem having a head portion with external threads 
for coacting with the threads in each of said wells 
and having a body portion with a diameter smaller 
than the diameter of said middle portion; 

one of said valves has an elongated tube slidably 
disposed within said middle portion in sealing rela 
tionship therewith, and disposed between said stem 
and said shoulder so that whenever pressure is 
applied at said outlet port, said tube bears against 
said stem to prevent ?uid ?ow, and whenever pres 
sure is applied at said inlet, said tube bears against 
said shoulder to allow ?uid to ?ow; 

the other of said valves has an elongated pin slidably 
disposed within said middle portion and has one 
end adjacent to said shoulder, which end has a 
diameter larger than said bottom portion and 
smaller than said middle portion so that when pres 
sure is applied at said outlet port, said pin bears 
against said shoulder to prevent ?uid flow, and 
whenever pressure is applied at said inlet port, said 
pin moves away from said shoulder to allow ?uid 
?ow; 

both of said stems being capable of being screwed 
down into said well to restrict ?uid ?ow. 
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